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Objective and outline
Describe electromagnetic compatibility of Medtronic 
pacemakers and other devices  and Medtronic’s 
basic EMC strategy as relevant to the auto industry

Outline:

1. Basic pacemaker device and system

2. EMI considerations and mitigation

3. Standards

4. Labeling and education

5. Medtronic systems that mitigate EMI effects
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System: patient, physician, pacemaker or ICD, 
leads, programmer, home monitor and network 

CareLink
home monitor

In clinic 
programmer

Implantable 
Cardioverter 
Defibrilator 

(ICD)
Pacemaker
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EMI Coupling is complex and varies with:

• electric or magnetic field E or H 

• amplitude (or power)

• frequency 

• modulation

• orientation of field

• duration

EMI  Coupling
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Potential Sources of EMI 

• Medical Procedures: Electrocautery, External Defibrillation, MRI, …

• Radio Frequencies Transmitters

• Electronic Article Surveillance (EAS) Systems

• RFID 

• Power Lines and Equipment that Generate Electric and Magnetic 
Fields at 60 and 50 Hz including contact current

• Arc welding

• Chainsaw operation 
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• Input sense amplifier “bandpass” from approx 10 Hz – 300 Hz


 

Based on the frequency content of the physiological signal

• Sensing threshold : 


 

Sensitivity range: 0.15 - 2.1 mV for ICDs



 

Sensitivity range: 0.18 - 11 mV for pacemakers

Sensitivity
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Shielding:
• Titanium housing - electric fields above ~2MHz

• Body tissues - High f shielding and leads in conductive medium are poor 
antennas

Filtration:
• Internal low pass filters
• Integrated feedthrough filters 
• Characteristics of the bandpass
Algorithms
• Reversion circuit - proprietary noise rejection
• Proprietary timing algorithms
• Conversion to asynchronous pacing
• Proprietary detection algorithms

Mitigating EMI 
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Proactive look-ahead to new technologies

International Technology Roadmap for 
Semiconductors

Examples:

• Cordless Power

• mm-wave scanners

• Electric cars

• Medical technologies

…
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Working with other industries: RFID examples 

Joint collaboration between medical device 
manufacturers, RFID manufacturers, and 
the FDA driven by  PC-69 working group
Reference: HRTHM 3665 – September 2009
In Vitro Tests Reveal Sample Radio Frequency Identification Readers 
Inducing Clinically Significant Electromagnetic Interference to 
Implantable Pacemakers and Implantable Cardioverter Defibrillators
Authors
Seth J. Seidman MS, U.S. Food and Drug Administration
Randall Brockman, MD, U.S. Food and Drug Administration
Brian Marc Lewis, MD, U.S. Food and Drug Administration
Joshua Guag, BS, U.S. Food and Drug Administration
Mitchell J. Shein, MS, U.S. Food and Drug Administration
Wesley J. Clement BS, Medtronic Inc
James Kippola BS, Boston Scientific
Dennis Digby BS, Biotronik
Catherine Barber MS, St Jude Medical
Dan Huntwork MS, Sorin

Joint collaboration between 
Medtronic and the RFID 
manufacturer Skidata
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Some EMC Standards

CENELEC EN 45502-2-1 and -2
 Include EMC requirements from 0 Hz to 3,000 MHz

ANSI/AAMI PC69


 
Active Implantable Medical Devices -Electromagnetic 

Compatibility - EMC Test Protocols for Implantable Cardiac 
Pacemakers and Implantable Cardioverter Defibrillators

+ RTTE standards
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Includes device manuals, stickers and 
symbols on packaging, customer pamphlets, 

Examples:
• Keep cell phones at least 15 cm from the implant
 Some older or European models may be susceptible

• When exiting retail stores through security  scanners  
“Don’t Lean and Don’t Linger”

• Show airport security the ID card;  ask for alternative 
search

Labeling and Customer Education 
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Medtronic Technical Services 
Website and phone bank professionally staffed for medical professionals

• Questions and feedback
• Standard letters  -- i.e. arc welding, security gates, electrosurgery, …
• Connection to engineering
• Complaint portal

Includes specific 
EMI/EMC info page
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Medtronic Patient Services and Patient Education
Website and phone bank professionally staffed for patients

• Questions and feedback
• Complaint window

Education pamphlet specifically on EMI/EMC

Specific EMI/EMC patient 
education pamphlet
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Other systems impacting response 

• CareLink Network

• Returned products analysis (~everything)

• Device Registry

• Robust Corrective and Preventative Action system

• Robust Risk Stratification

• Complaint tracking and reporting - trends, paretos, …

• Tech Services, Patient Services, field representatives

Medical Device Industry Environment



15

• Magnitude of any interaction depends on 
frequency, power, modulation, and duration

• Mitigate EMI through proactive design 

• Tight feedback loop with field installation

• Medical device industry environment 
supports robust EMC 

Summary
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